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Figur* 1. Pon«l vi«w of fho Typo 1136-A DigitoMo*Analog Convortor. 


HIGH-SPEED DIGITAL-TO-ANALOG CONVERTER 
WITH STORAGE 


The conversion of digital data to 
analog form provides l>oth a convenient 
metluxl of presentation and a |x*rmanent 
record. Tlie analog output can Ik? dis¬ 
played on a graphic recorder, and when¬ 
ever the input data changes continuously 
as a function of some other pammeter, 
such as time, temperature, humidity, 
pressure, etc., the record |)ermits imme- 
diaU» evaluation. A typical application 
is shown in l•'igu^e 2, where the fre¬ 
quency of a 5-Mc crystal is plotted as a 
function of temperature. 

.Although the analog output may have 
no better than 0.1% accuracy, this is 
(luite sufficient for incremental measure¬ 
ments. If the analog output is formed 
by 3 digits, the minimum increment is 
0.1%. By choice of the appropriate 
3 digits of the input, the analog system 
interpolates between the next signifi¬ 
cant units of the input data. This is 
ilbust rated by the example of Figure 2. 

When the analog output is formini 
from the last 3 digits of an 8-digit 
counter indicating tenths of cycles jjer 
second, the total span of the amdog 
output is 1(K).0 cps even though the 
counter may l)e measuring a 5-.Me fre- 
(piency. The 0.1% accuracy of the ana¬ 


log output, therefore, is equivalent to 
0.1 cps out of the total input, and no 
accuracy is lost. The first 5 digits of the 
counter remain constant. When these 
are of any interest they can be read 
from the counter’s visual display and 
recorded manually. The analog output 
interpolates l)etween 4,998,400.0 cps as 
analog 0 and 4,998,499.9 as analog 999. 
Should the data exceed 4,998,499.9, the 
analog output will ‘‘automatically” shift 
its 0 to be 4,998.5(K).0 and the new full 
scale would be 4,998,599.9. Since the 
analog \s formed from the last three 
digits, it Ls not alTectetl by the digits 
further to the left. This permitvS high 
incremental sensitivity without danger 
of full-scale current l>eing exceeded. 



Figurtt 2. Fraqucncy-vt-lamparalur* characteristic of 
5-Mc crystal. Full scale for analog curve was 100 cps, 
each minor division 1 cps. Only the significant part 
of the analog record (from 4998420.0 to 4998460.0) 
Is reproduced here. Gote time was 10 seconds. 
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urruix SCAL£ 


Figur* 3. Simplified 
•chemotic of the con> 
r circuit. 




At GK the lid vantages of analog re¬ 
cording have long lx*en recognized, and 
theXYpK 1134-A I)igital-to-Analog Con¬ 
verter' has lieen available as a compan¬ 
ion instrument t<j the Typf: II3()-A 
DigiUd 'rime and Tretiuency Met<‘r.* 
The need for storage of the digital data 
Ims lH*en discnssc*d‘ previously. Stoiagc* 
facilities arc* built into the Tvet 113d 
counter, 'rht' introduction of new tiigital 
instruments without storage has made* 
it desirable to provide a new D-A con¬ 
verter with self-contained storage'. 

The new Tvpk Il3b-.V I)igi(al-lo- 
Analog Con vert i*r has 3-decade urn in¬ 
put, fa.st traii.sfer into .stonige, and t). 1 % 
over-all ac<‘uniey. Input data with 
or I-2-2-I w<*ighting is acceptetl; 
1-2-4-S weighting re(niire.s a minor m<Mli- 
(ii'atioii; KMine decimal input is accepted 
when an ac<*<*s.sory, the Tyiu: Il3b-I*l 
l)i<Mh‘ Matrix and C’able, is u.m'iI. Binary 


‘M” input must l)e at least (i v positive 
with res|x?ct to lunary “O'*. The actual 
vi)ltage may lx* up to ± 150 v from 
ground. Maximum conversion rato is 
over 10 kc. 

Up to 9 decades of l-line Bon can lx* 
connected to the input, and a selector 
switch px'rmits sf'lection of any adjacent 
3 f)r the last 2 to form the output. Illu¬ 
minated indicators .show whi<*h decades 
are seie<*ted. 

Principle of Operation 

I'igtire 3 is a simplifiixl schematic 
diagram. The input data is applied to 
the amplifiers .I 1 ...A 15 . The gates 
(•I ... f'K are normally ch»sed. and the 
input has no etTect on the output 

* II. i*. Strateineyer, “Amiloc Ihitput frotu tb« niptal 
General Radio Brperimenter (35, 10), • tetobrr, 

IWl. 

it. \V. Frank atul il. T. .MoAlear, **A Fn*nuency Counter 
with a Memory ami with Huill-Itt l{«liability," General 
Radio Ksjierimtnler (35, 5), May, IIHIl. 
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s\viti*lie8 (stundardizers) »S| . . . *Sia. 
These ele<*lronic switrhes are sc*lf-lateh- 
ing and serve as storages elements for 
the input data. A storage-eommand 
pulse (.s(’t') is applied to the pulst* gen¬ 
erator (i*g) and the gates Ox . . , an* 
momentarily opened. This tninsfer sys¬ 
tem d<x*s not recjuin* any zero-set (clear) 
operation lx}fore new data is entered into 
storage. Si . . . iS’u assume states corre¬ 
sponding to the input. The s(T is gen¬ 
erated hy the digital source at the be¬ 
ginning of the ^‘display time." Mo.st 
counters provide a suitable puls(» output 
(print-commiind pulse). The total trans¬ 
fer time is about 'M) fxsev. Si , . . S 12 
connect t he weight ing resistors to ground 
for biimry 0 and to a precist* voltage K 
for binary “I”. The analog output is the 
sum of all the currents through lii,Hu. 
The I ma output is e.s.sentially a 15 v 
swing lK*hind 15 kil. 

Accuracy — Linearity — Stability 

The imj)edance of the retrorder d(jes 
not alTect the accuracy or the linearity 
of the <nitput. The output niiitri.x is 
show n in ligure 4. 

Mxamination shows that, while the 
magnit ude of /«is alTeeted by (f t he rela- 
tive contribution of each com|><»nent is 
inde|x*ndent of Ol* The magnitude of 7® 


can bi* adjusted for the re(juired full- 
scale value by adjustment of the supply 
voltage A’. 

The linearity of the output is deter¬ 
mined by the accuracy of the weighting 
n*sistors, the precision of the electronic 
output switches, and the output imj)ed- 
ance of the regulated power supply for E 
(see I'igun* 4). 

The output switches are complemen¬ 
tary pairs of inverteil transisU)r8. The 
offset voltage (the saturation voltage) is 
only I to 2 millivolts, and when E is over 
15 volts t his error does not exceed 0.()2% 
of full scale. The variation of E as a 
function of the output current fnim the 
matrix Ls negligible. 

The stability of the output Ls deter¬ 
mined by the stability of the supply A. 
the weighting re.sist<»rs. and the off.set 
voltage. The largest contribution is the 
temperature coefficient of the zener- 
refcrence diode for the supply E 
(< 10 ppm °C) and the temperature in¬ 
fluence on the weighting resistors 
(< 10 ppm n*ferred to full scale). 

In addition to these static erro(;s there 
is a dynami<* error as a functi<»n of trans¬ 
fer rate. Consider the change from 3 to 4 
in I-2-2-4 weighted bcd. The output 

consists of a binary in the first bit 
and in tin* s(*cond bit, i.e., S\ aiul St are 


Figur* 4. Equivalent circuit of the output motrix. 


fri . . . fJa are the fontluctancea of the weiRhl- 
ing resistoni 

, iS’ij t he .stiuiilarilizer switches 

Ei . . . Eli the voltiigi^ applied to the weight¬ 
ing resistors (0 v for a liinur>' E for a 

binary “I”* 

(rts is th<* conductance <»f t he rcn.M)r<ler 


E, 


ro- Gl 


EJrt 


za. + Cn. 



u 


GL 


Cri 4- + • • • + b’n 4 - G 


{pjiGi -b E^ti 4* • • • 4“ EnGu) 
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Figure So. Perfect output. 


Figure 5b. turnt on be* 
fore S] ond St ore off. 


Figure Sc. Si turns on ofter 
S| ond S; hove turned off. 


on. To |i^t the output, iht* (irst und 
second hit have to change to binary ‘*0^* 
ami the third bit to binar>’ 'M”. In the 


switching schematic this means that *Si 
and iSj have to turn oIT and Si must turn 
on. Suppose that Si turns on Itefore Sx 
and Si are ofT: then, during this “over¬ 
lap” the output can he as high as 7, or, if 
Ss turns on after S\ and Si have turned 
off, the output can mom(*ntarily drop to 
zero. Mgure 5 illiLstrates this effect. 
The use of fast electnmic switches keeps 
this time interval le.ss than 1 tisec. In 
the worst case this can contribute an 
output error of .(X)ffl% X conversion 
rate (in cps). The typical error is about 
three times less. In the worst case, at a 
conversion rate of 10,(KM) per second, 
this amounts to 1%. However, a rc*- 
corder with response to 10 kc rarely has 
an accui-acy of l)etter than a few per¬ 
cent, so that this error can generally 
Ik? neglected. 

— 11. P. Stratkmkver 



SPECIFICATIONS 


Dota Input: BCD weighted 1-2-4-2 or 1-2-2-4. 
Minor modification arlapbf; for 1-2-4-8 input. 
Binary 1 at leiwt 6 volts jwsitive with respect U» 
binary 0. Input impedance 50 kilolims. Bi¬ 
nary 0 can be offset from ground by ±150 
volts. Switcli rejects any adjacent three or the 
last two digits of up to nine^eeade input. 
Convureien Rot*: Un to 10,000 conversions per 
second (controlled oy digital-measuring instru¬ 
ment). 

Ov*r-oli Accuracy: ±0.1% of full scale (in¬ 
cludes rerwatubility, long-term stability, Unear- 
ity, ± 10% line variation, and ±15 C ambient- 
temperature variations around iiomial 25 C) 
± 0.0001% X conversion rate in cps. 

Storoge Transfer: fiO-psec transfer time. 

Storage Command Pulse: 5 psec, ±6 volts mini¬ 
mum into 10 kilohms, rise and fall times less 
than 1 psec. 

Output: 1 milliampere with 15-kilohm source 
impedance, or KK) millivolts with ICKVohm 
source iiTipfHlaiice. Negative .«<ide grounded if 
biliary 0 or input not more than 20 volts from 


ground. Output fliwiing if offset voltage larger 
tlian 20 volts. 

Load: 2000 ohms maximum for 1 milliampere 
output. 1000 ohms minimum for 100 millivolts 
output. 

Linearity: ±0.05% of full scale. 

Stability: ±0.02% for ± 10% line voltage; 
±0.003% of full scale jier degree C. 

Accessories Supplied: TypR CAP-22 Power 
Cord, spare fuses. 

Accessory Available: TtPE 1136-Pl Cable with 
diode-matrix, required for use with 10-line 
decimal data from Cleneral Radio counters of 
the 1150 .series. 

Power Requirements: 105 to 125 (or 210 tO 250) 
volts, 50 to 4(K) cps, 7 w atts. 

Cobinet: Rack-bench. 

Dimeniions: Bench model — width 19, height 
3^2. depth 12 inches (485 bv 89 by 305 mm), 
nver-all; rack mcKlel — iMinel 19 by V/i inches 
(485 by 89 mm), depth behind panel ll inches 
(280 mm). 

Net Weight: 13 {xmnds (6 kg). 

Shipping Weight: 17 pounds (8 kg). 


Type 


Code Nutnber 

Pnee 

1136-AM 

Digitol-to-Anolog Converter, Bench Model 

1130-9801 

$650.00 

1136-AR 

Digitoi-to-Analog Converter, Rack Model.. 

1136-9811 

650.00 

1136-PI 

Diode Matrix and Coble (for connection to 
Type 1 160-AP or 1151-AP Counter). 

1130-9601 

160.00 
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A sensitive, well-shielded detector 
system is u basic re(|iiiremcnt in most 
audio- and radio-frequency measure¬ 
ments. Detector sensitivity determines 
the resolution in null-type bridge meas¬ 
urements as well as in the measurement 
of high values of attenuation. In lx>th 
these measurements, adequate shielding 
is a primary factor in determining the 
ultimate accuracy. Detectors of this 
description have l)een available from 
General Radio for most of the spectrum 
up to 40(K) kc. I'hese are: 

(1) The Type r232-.\ Tuned Amplifier 
and Null Detector — 20 cps to 20 kc, 
with continuous coverage, plus 50 kc 
and 100 kc, fixed. 

(2) The Type 12ri-.\ Unit Null Detec¬ 
tor — 50 cps to 5 Me, untuned; 1 Me, 
tuned, with the Tvpe 1212-?! 1-Mc 
Filter. 

(3) The Type DNT Detectors, which 
are heterodyne types, 40 to 4000 Me. 

THE TYPE 123 

The circuit of the Type 1232-IM RF 
Mixer is shown in Figure 1. Included are 
a microammeter for setting the level 
of the local oscillator and a high-Q 
tuned transformer to exclude the local- 
oscillator .signal from the Tuned Ampli¬ 
fier and Null Detector. 

Circuit elements are enclosed in an 
aluminum cylinder to which is appended, 
in a separate compartment, the meter 
housing. In addition, double-braid co- 


TWO NEW MIXERS 
FOR THE 
DETEaiON OF 
RF SIGNALS 

Now' two new rf mixers fill the gaps 
below 40 Me. They operate by the 
heterodyne method, with low^-frequency 
detector units serving as i-f amplifiers. 

The heterodyne detector has a justly 
deserved preference over other types. 
It is currently the most convenient 
means of achieving high sensitivity, 
wide tuning range, and a high degree 
of harmonic rejection. It also has a great 
dynamic range* because its amplification 
is e.ssentially linear over 85-db of input- 
signal variation. Its disadvantages are 
few, but the principal one .should be 
mentioned. In its simple form, no selec¬ 
tivity is proxided in the .signal input 
circuit, and so it can have some spurious 
responses from images and harmonics, 
which make it unsuitable for w'avfr analy¬ 
sis. In general, these are not trouble¬ 
some, and the addition of circuits to be 
tuned by the user would complicate the 
oj)eration. 


-PI R F MIXER 

axial cable is used on all signal leads. 
As a result, the mixer is completely 



L/TV-I OfVSTAL 
COR»»tHT 


Figure 1. SchvmoHc diggram of the mixer circuit. 
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local osciuator 


Flgur* 2. Block diogrom of complot* dotoctor «y«Nm 
uting tho Typo 1232-Pl RF Mixor. 

shielded from rf fields, thiLs preventing 
spurioius null-balance indications. 

In order to cover the range from 70 kc 
to 10 Me, two i-f amplifier center- 
frequenides are required. One is 20 kc 
and is used to cover the range from 70 kc 
to 500 kc. Actually, the detector can be 
tuned <*ontinuously down to 25 kc, but 
sensitivity Is reduced in this range, and 
spurious re.spc»n.se^s are more trouble¬ 
some. Above 500 kc. the 20-kc freciuency 
increment to which the local o.s<'illator 
must set is difficult to re^solvc, and th<* 
toning is txxi critical. Therefore, above 
5(K) kc, a switi^h is made to the lOO-kc i-f 
circuit which is broader in bandwidth. 
The upper limit of 10 Me was chosen 
because above this frequency it lx*comes 
difficult to set the lOO-kc increment, and, 
again, the tuning l>ecomes too sharp, so 
that any frequency drift of the signal 


source or the lo(!al oscillator Ijecomes 
apparent. .Mso, al>ove alx)ut 20 Me, the 
local-<xscillator tuning again becomes 
critical. Otherwise, however, the mixer 
|x»rforms perfectly w'cll, at least as high 
as 00 Me, and, with care, .satisfactory 
results can be ol>tained. 

In practice the operation of the system 
is (juite simple. Figure 2 is a block dia¬ 
gram of the complete detector system. 
The 20kc-HX)kc switch on the mixer is 
set to the de.sired freipiency, and the 
(•orresp>onding frequency is switched-in 
on the Tvpk 1232-A Null Detector. 
The local-oscillator output is .set to 
produce the recpiired mixer meter indi¬ 
cation and the oscillator is then tuned 
to frequen<-y by adjustment for maxi¬ 
mum output indication in the Tvpe 
l232-.\ Tuned .\mplifier and Null De¬ 
tector when an external signal is intro¬ 
duced. For maximum sensitivity in the 
frequency range l>elow’ 150 kc, the crys¬ 
tal current must l>e set t^» a particular 
value, as shown in I'igure 3. 

PERFORMANCE CHARACTERISTICS 

The significant performance charac¬ 
teristics of the mixer are given in Fig¬ 
ures 4 to 7. The linearity Is shown Jis a 
function of input .signal level in Fig- 







FIgura 3. SantlHvIfy (opan- 
circuit voitoga from 50-ohm 
sourca, aquivolant to noita 
laval) ond local-oscillator 
driva vs signal fraquancy. 
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Figure 4. Lineorify 
of tfio 1332-FL/ 
1232-A dotoctor 

a« a function of 
input voltago. 



DEVIATION OWING TO signal 
APPROACHING NOISE 


IOO//V 

40db 




OtViATION CAUSED 
. . . SATuHATWN 


llilll 


IMv 

60db 


lOMv 

eOdb 


INPUT TO MIXER 


lOOMv 

lOOdb 


urc 4; it ran l>e seen tliat ahovr about 
50-mv input an increase in input volt¬ 
age produces a smallcr-than-protKtrt inn¬ 
ate increase in output indication. The 
sensitiWty, defined as the input signal 
voltage reejuired to increase the output 
indication 3 db above the noise level, is 
shown in h'igurc 3. Other data of interest 
art' given in Figure 5, which shows the 
sensitivity as a function of IcK-al-oscilla- 
tor drive level, and in Figure (i, which 
shows the relative conversion loss also 
as a function of local-oscillator drive 
level. The degradation of .sensitivity 
below the normal tuning range is shown 
in Figure 7. The mixer is still usable in 
this range, but local-oscillator feed¬ 
through produces a larger output indi¬ 
cation. 

APPLICATIONS 

Null Detector 

The combination of the Typk 1232-Pl 
Mixer, the Type 1232-A Null Detector, 
and a l(x*al oscillator is an excellent 
bridge null detector for the frecpiency 
mnge from 70 kc to 10 Me. Figure 8 is 
a block diagram of a complete bridge* 
system itsing this detector, and a typical 
setup with the Type 9U»-.\L Hadio- 
Fre(pieney Bridge is .shown on the front 
cover. 

Attenuation Measurements, etc. 

This detect or sy.stem is particularly 
well suited for the measurement of at¬ 
tenuation, especially high values of at¬ 
tenuation. For example, with a HHI-mw 
.sour(*e and reascmable padding (10 to 


16 db at the detector) attenuation valuer 
as high as 120 db can Ik* measiu'ed. A 
subst itution methiKl is employed wherein 
the attenuation to l)e measured is com¬ 
pared with a calibrated adjustable at¬ 
tenuator, such as the Type S74-GA. 
The Type 1232-A Tuned Amplifier and 
Null Detector Is u.sod as level indicator, 
since it does not have its own calibrated 
attenuator. l"or miiximtim resolution in 
these measurements it is essential that 
the detector circuits l>e o|x*rated within 
their linear ninge. Detector linearity for 
the l232-Pl/i232-.\ combination Is 
showTi in Figure 4, and applies for all 
diode-current levels alx)ve 200 Fig¬ 
ure 0 is a block diagram of the measur¬ 
ing .setup. 

Attenuation of 10 db yir less can be 
measured with an accuracy of ±^*5 of 
the db increment l)eing measured by use 
of the db scale on the meter of the null 
detector. In this measurement, linearity 
at both the lowest and highest u.sable 
input-signal extremf*s, for the dete<*tor, 
are important . The usable input-signal 



CRtSTN. CtAVCNT >0 



Figure 5. Sensitivity vs Figure 6. ReloNve con- 
local-osciilotor drive for version loss vs locoi> 
100>kc intermediote osciilotor drive, 

frequency. 
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FREQUENCY-fcc 

Figwr* 7. Typicol of fr«qu«nci»s b*low 

normal rongo. 

ningp can J>e dotF^rmincd from Figure 4. 
The deviation from linearity at low 
levels arises from the relative contribu¬ 
tion of the amplifier noise in the output 
indic-ation, when the signal-to-noise 
ratio is small. 

Specific attenuation measurements to 
which this procedure is applicable are: 
Attenuator or network insertion loss 
Filter stop-band response 
Coaxial cable loss* 

C'oaxial switch cross-talk 
C 'Oaxial cable or connector leakage* 


Coaxial Switch Crosstalk or Multiport 

Component Measurements 

The same basic pnx’edure can l)e used 
in the measiu*ement of crosstalk l)etween 
connections in multiport components, 
such as coaxial switches, semiconductor 
switches, and duplexers or multiplexers. 

The component to be measured is, 
for example, driven at its input and the 
“through^* (channel (the output connec¬ 
tion to w'hich the input is intended to 
produce an output signal) is terminated 
in a matched termination, or other de¬ 
sired impedance, depending on the im¬ 
pedance with which the de\ice is nor¬ 
mally terminated. The other unused 
ports are similarly terminated. The de¬ 
tector is conne<‘ted to the port in which 
crosstalk is to he mea,sured. and tlie 
attenuation with this connection is 
measured by the substitution method. ^ 
In the substitution method, a known 
amount of attenuation is inserted to 
produce the .same output indication that 
was produced with the component 
installed. 

Most sy.stems operate at a nominal 
impt»dance of 50 ohms. The mixer input 
impedance is about 200 ohms. It can Ik* 
made very nearly 50 ohms by the addi¬ 
tion of an 874-GlO lO-db attenuator at 
its input. 

For operation at other than the 50- 
ohm level, transformers are required. 


Pigur* 8. Block 
diogrom of th« 
dotoctor lytfom 
u«od ot a bridgo 
null dofoctor. 
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-•♦PAO.TVPE 874-GIOL, OPTIONAL LOCAL OSCILLATOR 


Figur* * 9. Block diagram of 
fhe 1232-PI/l232-A detector 
system os set up for the 
measurement of ottenuation. 


Coble Connector or Leakage 
Measurements 


The leakiige or shielding effeetiveness 
of cables or connectors can also l>e meas¬ 
ured by the same procedure as for atten¬ 
uation measurements. A special test 

S P E C I FI 

Frequency Range: 70 kc to 10 Mc. (Can l>e used 
up to 00 Me, with care in the selection and 
identification of local-oscillator frequencies.) 
I-F Output Frequencies: Switch-selected to 20 kc 
or 100 kc. 

Bandwidth: 0.8 kc in 20-kc position, 10 kc in 
100-kc position with a 20-kilohm output load 
(Type 1232-Pl RF Mixer alone). 


fixture is required in this case. Specific 
details of this fixture and the procedure 
are described in the reference cited.* 


» W. R. Thurston, “The Measurement of Cable Charac¬ 
teristics," General Radio Reprint No. E-UM. 

* J. R. Zorzv ic R. F. Muehiberiter, “R-F I^eakaKe Charac¬ 
teristics of Popular Coaxial Cables and Connectors, 
500 Me to 7.3 Gc,“ Aiicrovatf Journal, November, 1961, 
General Radio Reprint No. .\-93. 

ATI O NS 

Sensitivity: See Figure 3. 

Input Impedance: Approximately 200 ohms. 
Output Impedance: Approximately 20,000 ohms. 
Dimensions: Diameter length 6^ inches 

(58 by 175 mm). 

Net Weight: 1 pound (0.5 kg). 

Shipping Weight: 2 pounds (I kg). 


Type 

1 


Code Number 

Price 

1232.P1 

1 RF Mixer. 

TYPE 

1 2 1 2 - P 3 R F 

1232-9601 

MIXER 

$105.00 



The r212-P3 RF Mixer is essentially 
of the same construction as the 1232-Pl, 
differing principally in the choice of i-f 
center freciuency, 1 Mc. The circuit is 
shown in Figure 10. With the 1212-.A 
Unit Null Detector, the lowest fre(|ucncy 
of operation is 3 Mc. Below this, the 


local-oscillator signal feeds through di¬ 
rectly into the Unit Null Detector, pro¬ 
ducing a meter indication in spite of the 
filter networks provided in the mixer 
unit. The highest frequency of operation, 



Figure 10. Schematic of the Type 1212-P3 RF Mixer. 
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Figure 11. Sensitivity 
(open><ircuit voltoge 
from 50-ohm source, 
for 1% meter deflec¬ 
tion) vs locol-oscil- 
lotor drive for the 
I212-P3/1212-A de¬ 
tector system. 

aguin limits by lo(*al-o«cillaU»r tuning 
resolution, timing difficulty, etc., is 
(»0 Me. .\8ide from these* con.siderations, 
the mixer jx*rforms |:>erfectly well up to 
at least 150 Me. 

Null Detector 

The response of the luiit Null De¬ 
tector is approximately logarithmic, 
rather than linear. For this reason, it 
does not have a gain (‘ontrol. The sys¬ 
tem, is, therefore, usable only as a null 
detcH’tor, and, in this application, it is a 
sensitive, easy-to-use instrument. The 
princifial characteristics of interest are 
the variation of sensitivity with ditale 
current (I'igure 11) and sensitivity over 
the freiiuency range (Figure 12). 

Figure* 13 is a block diagram of the 
detector shown as part of a compl(*te 
rf bridge syst 1 * 111 . The local oscillator is 
always set higher than the genenitor 
frequency when the oiX‘rating fnniuency 
is lielow 10 Me, in order to minimize the 
local-f)scillator voltage that gets through 
to the mixer out put. 

Use with a Broadcast Receiver 

Tlie Type 1212-F3 Mixer can also lie 
used with a standard broad<*ast receiver 




Figur* 12. Sunsltivify vs frsqusncy. 

in place of the Unit Null Detector. Here, 
the generator can lx* modulated in order 
to olitain an aural null indication. The 
.sensitivity characteristics shown in Fig¬ 
ure 13 apply to this application also 
with one exception: the 9-/iV sensitivity 
value extends to a lower frecpiency limit, 
approximately 1.5 Me. Therefoix*, with a 
broadcast receiver set at 1 Me, a t unable 
detector from 0.54 Me to 00 Me ol>- 
tained (if we incliuh* the 0.51 to 1.5 Me 
range of the receiver its<*lf). 'Fhen* an*, 
however, several pn*cautions to lx* taken, 
such as the elimination of broadcast- 
.station interference. These an* de.scrilx'd 
in detail in the mixer instruction l>ook 
and include .shielding of the broadciist 
re<*eiver and can* in s<*lection of the geii- 


Figur* 13. Block 
diogrom of 1212- 
P3/1212-A do- 
loctor tytlom, usad 
os null doioctor 
with rf impodonce 
bridgo. 
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Figur* 14. Phpto* 
graph of tyttam 
shown in Figuro 
14. Bridgo Is fho 
Typo 1606-A RF 
Bridgo. 




enitor fm|iieney to avoid tuning to 
harmonics of the receiver local o8<*illator. 
A tninsistor |K>rtable makes a g<MHl re¬ 
ceiver for this application, l)ecaiise its 
small size jx'rmils it to lx* easily sur¬ 


rounded t)y a complete shield. 

The combination of the detector and 
ttie Typk lb(K>-.\ Radio-Frequency 
Bridge Ls shown in Figure 14. 

— J. ZOKZY 


SPECIFICATIONS 


Froquoncy Range: 3 Mc to 60 Mc. (Cali tie used 
up to ir>() Mr if care is taken in the scie(!tion 
and idciititication of local-oscillator frequency.) 
I-F Output Frequency: 1 Mc. 

Bandwidth: 25 kc with Type 1212-A Unit 
Null Detector. 

Sensitivity: See Figure 12. 

Input Impedance: Approximately 200 ohms. 


Output Impedance: Approximately 50 kilohms. 
Terminals: Typb 874 Coaxial Connector at end 
of cable. 

Oimensiant: Diameter 2^4 1 leiif^h inches 
(58 by 175 mm). 

Net Weight: 1 pound (0.5 kg). 

Shipping Weight: 2 pounds (1 kg). 


Tm 

1 

j Code Number I 

Price 

1212-P3 

1 RF Mixer. ... 

. 1 1212-9603 1 

$105.00 


ERRATA 

TYPE 900 PRECISION COAXIAL ELEMENTS 


In the maze of tvqje niimliors, tolcr- 
anct's, and tabulations dcsc'ribing this 
p(|uipment in our NovemUT issue, a 
couple of ernirs crept in, unnoticcKj until 
too late. Since these rt*latc to im{)ortant 
sfx'cifications, we ha.sten to correct them. 


Page 8, first paragraph: 

Tolerance on cliaracterislic impedance 
Ls ±0.005%. 

Page 10 — Precision Rod and Tubing: 

Characteristic im|K*dance is 50 ± 
0.0325 ohms (0.(M)5%). 
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Figur* 1. N«w double>plug patch 
cords with straight-through and 
right-angle connections. Each type is 
available in 1-, 2-, or 3-foot lengths. 



A NEW PLUG FOR PATCH CORDS 


Although known primarily as an in¬ 
strument manufacturer, General Iladio 
has developed many components and 
parts that achieved industr>^-wide popu¬ 
larity. Notable among these was the 
'^banana*^ phig. introduced in this coun¬ 
try by GR in 1924 and manufactured 
ever since by us as the Tvpk 274 I^lug. 
The present crop of banana plugs in¬ 
cludes single, double, insulated, and 
shielded varieties. Two patch cords, 
each consisting of Type 274 double plugs 
molded on ixtth ends of a shielded cable, 
have alvso been available. 

A new lineup of 12 Type 274 Patch 
Cords olTers (1) a new, improved double 
plug, (2) a choice of straight-through or 
right-angle connection to the plug, 

(3) a wider choice of lead lengths, and 

(4) new single-plug patch cords. 

The new double plug consists of two 
lianana plugs, one gold-plated and one 
nickel-plated, who.se soldered ends are 
encapsulated first in polystyrene (for 
its electrical qualities) and then in cellu¬ 


lose-acetate butyrate (for its high-im|mct 
properties). At the other end of the con¬ 
nector \yody are two banana-plug jacks, 
and the configuration of the connector 
is such that any double plug can be con¬ 
nected to any other, regardless of 
whether the plugs have straight-through 
or right-angle connections (see Fig¬ 
ure 2). 

The gold and nickel color coding of 
the banana plugs is in accordance with 
electrical wiring conventions (the nickel 
is the shield, or ground connector). In 
addition, the word shield is clearly 
marked next to the shield terminal. 

Double-plug patch cords are now 
available in 1-, 2-, and 3-foot lengths, 
with either straight-through or right- 
angle connections. Leads are made of 
low-i'apacitance, flexible (‘oaxial cable. 

The single-banana-plug patch cord is 
shown in Figure 3. It is available in 
either red or black and in three lengths: 
9, 18, and 36 inches. The connector Ixidy 
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IK molded cellulose-acetate butyrate and 
includes a jack for stacking. The hanami 
plug^s versatility allows (juick conver¬ 
sion of the patch cord to an alligator 
clip lead by the addition of a Type 83S-H 
Alligator Clip, as shown in Figure 4. 

All Type 274 Plugs and .lacks have a 


contact resistance in the order of 1 inilli- 
ohm. Plugs seat firmly in jacks so that 
th(' ])lug springs are not deixuided on for 
mechanical stability. 

Patch cords with shielded plugs are 
also available, as listed l>elow. 


Type 

Description 

Part No. 

Price 

274-UB 

Single-Piug Potch Cord, 36-inch, black 

0274-M468 

$1.25 

274.LLR 

Singla-Plug Patch Cord, 36-inch, rCtl. 

0274-9492 

1.25 

274.LMB 

Single-Plug Patch Cord, 18-inch, black. 

0274-9847 

1.25 

274.LMR 

Single-Plug Potch Cord, 18-inch, red. 

0274-9848 

1.25 

274.LSB 

Single-Plug Potch Cord, 9-inch, black . 

0274-9849 

1.25 

274.LSR 

Single-Plug Potch Cord, Q-inch, red .... 

0274-9850 

1.25 

274.NP 

Double-Plug Potch Cord, aide connection 

0274-9880 

3.50 

274.NPM 

Double-Plug Patch Cord, 2-foot, side connection 

0274-9892 

3.50 

274.NPS 

Double-Plug Patch Cord, 1-foot, side connection 

0274-9852 

3.50 

274.NQ 

Double-Plug Patch Cord, 3-foot, end connection 

0274-9800 

3.50 

274.NQM 

Double-Plug Patch Cord, 2-foot, end connection 

0274-9890 

3.50 

274-NOS 

Double-Plug Potch Cord, 1-foot, end coiinwtion 

0274-9801 

3.50 

274.nl 

Shielded Double-Plug Patch Cord, 3-foot 

0274-9883 

4.50 

274.NLM 

Shielded Double-Plug Patch Cord, 2-foot 

0274-9882 

4.50 

274-NLS 

Shielded Double-Plug Patch Cord, l-f<N>t 

0274-9802 

4.50 


HANDBOOKS TO HELP YOU 


The Handbook of Noise Measurement 
first app(‘ared in 1953 and met wdth 
wide acclaim from exfx'rt and tyro alike. 
It brotight together in one convenient 
Ixioklet a wealth of definitions, data, and 
procediu*es for the measurement of noise 
in industry. This handlxiok has l>een re¬ 
written and revistnl with each successive 
iniition, to keep pace with changing 
stanflards and new devices. The new 
fifth edition is a complete and authorita¬ 
tive treatise, full of useful information 
for those who need to measure acoustical 
nois<‘ — w'hether product noise, environ¬ 
mental noise, or the transient noise of 
passing vehicles. 

The Handbook of Noise Measurement 
is priced at one dollar ($1.(K)), postpaid, 
which is substantially l(*ss than it costs 
us to print and mail it. Sizi*, fi x 9 inches, 
25t> pages, an outstanding bargain! 


A new bandlxx)k has just appeared on 
the scene, the Hondlsmk of High-Speed 
!*holography. This Is a chm|)endium of 
prin<-iples tind methods of the phoU>- 
graphing of objet'ts moving at high 
speeds. The light, sources considered are 
Cieneral Radio stroboscopes, whh*h pro¬ 
duce light flashes of one microsecond 
or less. Objects moving faster than the 
speed of .sound <*arr lx* na*ordcd on film by 
these light .sources. This 5(>-pagc Ixioklet 
Is full of detailed proc('duit*.s, u.sf'ful in 
both professional and amateur. Size, 
fi X 9 inches. 5(i pag('s. I'ree uixin reipiest. 

The Handbtmk of Voltage Control, pub¬ 
lished earlier this year, is de.sigiK^ to 
help you get the most from your Variac® 
adjiKstable autotransformer. Theory, cir¬ 
cuits, and applications are covered. 
Size, syz X 11 inches, 40 pages. Free 
upon recjiiest. 
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C’hiilies C\ C-arey, latr* I’residont of 
this company, came to Clcncral Radio in 
11)27. In 11)31 he was made Assistant to 
the Vice-President for Piotluction; in 
193-1, Production Snix'rintendent; in 
1941, V'ice-Presidenl for Production: in 
1950, a Director of the Comi)any; and 
in 1950, President. 

An alumniLs of Boston University 
and Northeasteni University, he was a 
director of tlie National Shawmut Bank 



( lenend Radio's new Presid<‘nt, elected 
l>y the Din‘cl(>rs on Detoher IS, is 
Donald B. Sinclair. 

I4r. Sinclair was iM^rn in Winnipeg, 
Manitoba, in 1910, attended the Univer¬ 
sity of Manitoba from 192(> to 1929, 
then transferred to the Mass;u*hnsetts 
Institute of Technology, where he re¬ 
ceived degrees of SB in 1931, SM in 
1932, and ScD in 1935. He joined Uien- 
eral Radio in 1930 and snbse<|uently 
became C’hief Engine(*r. In 1955 he was 
a|)pointed V'ice-Presiiicnl for lOngineer- 
ing and in 1950 was elected a Director. 
I'or the pa.st two years he has held the 
post (if Executive V'ice-President and 
Technical Director. 

16 


and a trustee of Northeastern Univer- 
sity. 

11 is talents were many, and his inter¬ 
ests ranged over many fields. Most 
important at employ(‘e-owin'd (leneral 
Radio was Mr. Carey's constant interest 
in all employees, their successes, and 
their problems. 

Among his many contributions to our 
Company were his planning and exe<’U- 
tion of our several expansion pnigrams 
during and since World War II, includ¬ 
ing the transfer of all o|K*rations from 
Cambridge to the present site in CV)ncord 
and our current expansion into a new 
plant in Bolton, Mass. 

On Octol>er 17, Charles Carey died at 
the age of 58. We who were enriched by 
his 3r)-year career with OR are saddened 
by his dt'ath. 


During World War 11 Dr. Sinclair 
was in cluirge of the search receiver 
work for radar countermeasures at the 
Radio Research Lalximtory at Harvard 
University, and he was a memlM*r of 
Division livT of the National Defense 
Rest'arch Committee on Cuided Missiles. 
For his wt>rk on countermeasures and 
guided missiles, he receiv(‘d the Presi¬ 
dent's eVrtificate of Meiit in 1948. I' rom 
1954 to 1958 he was a member of the 
Technical Advisory Panel on Ivlect ion¬ 
ics of the Department of Defcm.se. 

Dr. Sinclair is a IVllow of the llvIiE, 
and was President of the IRE in 1952, 
following a term as Treasurer in 1949-50. 
He starved on the lOxocutive Committee 
of the IRE in 1948-1950 and again in 
1952-1953, and was on the Board of 
Directors from 1945 to 1954 and in 1958. 
He is also a memln'r of Sigma Xi, lOta 
Kappa Nn, the Amf‘rican As.so(iation 
for the Advancement of Science, the 
American Physical Soiiety, and the In¬ 
strument Soiiety of America. 
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